complaint of chronic headaches associated with nausea, photophobia, and phonophobia. Her history was remark able for partial trisomy 8 due to a ringed chromosome 8, epilepsy, and history of a Chiari Type I malformation with associated syringomyelia treated by surgical decompres sion. Her Chiari decompression was performed 4 years earlier, and notably the dura was not closed. Following the procedure, she developed an external CSF leak through the surgical incision and ultimately required a right ven triculoperitoneal (VP) shunt. CSF shunting resolved the CSF leak and serial followup MRI and CT examinations of her head showed the absence of ventriculomegaly. Of note, the patient's mother reported that the patient had progressive hearing loss and ataxia that was not present prior to her Chiari decompression. A subsequent audio gram revealed bilateral sensorineural hearing loss with a pure tone average (PTA) of 27.5 dB and a word recogni tion score (WRS) of 100% at 40 dB bilaterally.
Subsequent MRI of her head showed development of magnetic susceptibility, consistent with hemosiderin de position along the folia of the cerebellum, around the brainstem, and in the bilateral occipital sulci, suggestive of superficial siderosis (Fig. 1A ). The patient also had a stable occipital pseudomeningocele that had ossified (Fig.  1B) . No ventriculomegaly was noted. A lumbar puncture was performed and demonstrated xanthochromia with a significant number of red blood cells (RBCs; n = 1078).
Operation and Postoperative Course
Given the patient's radiological findings and clinical picture, superficial siderosis was the most likely explana tion for the patient's symptoms. The patient was taken to the operating room for revision of her wound and dura plasty using bovine pericardium. She tolerated the proce dure well and was discharged home on postoperative Day 5. A repeat lumbar puncture (on postoperative Day 45) re vealed resolution of xanthochromia and no RBCs. She has remained neurologically stable with no further decline in hearing or increasing ataxia.
case 2

History and Presentation
A 36yearold man presented to our institution with bilateral hearing loss and ataxia. At age 15 he acquired meningitis that resulted in hydrocephalus and the eventual need for bilateral VP shunts. At the age of 32, he under went decompression of a Chiari Type I malformation at an outside hospital. His presenting symptom at that time was headache. For 6 months following his posterior fossa de compression, he experienced relief of his headaches. The operative report did not specify if a duraplasty or dural closure procedure was performed at the initial operation. His headaches recurred and he was taken back to the oper ating room at an outside institution for a dural patch graft because of a presumed pseudomeningocele. Following the patching of his dura, his headaches resolved. Two years after the duraplasty, an MRI examination revealed a stable pseudomeningocele and no evidence of superficial sidero sis. Almost 5 years after his original surgery he presented to our institution with ataxia and sensorineural hearing loss with a PTA of 19 dB and a WRS of 100% at 40 dB bilaterally. An MR image revealed superficial siderosis extending from the midbrain down to the upper cervical cord (Fig. 1C) . There was also a rim of siderosis lining the pseudomeningocele. A lumbar puncture was performed and was positive for xanthochromia, RBCs (n = 202), and ironladen macrophages.
Operation and Postoperative Course
The patient was taken to surgery for autologous fascia lata duraplasty. The patient tolerated the surgery well and subsequent MR images showed resolution of his pseudo meningocele and excellent wound healing. Two subse quent lumbar punctures showed decreasing xanthochro mia. The patient was lost to followup thereafter.
case 3
History and Presentation
A 51yearold man presented to our institution com plaining of progressive bilateral hearing loss, unsteady gait, and visual loss. Twentysix years prior, the patient had undergone resection of a posterior fossa mass, diag nosed as microglioma, followed by 5000 cGy of whole brain radiation. An audiogram revealed bilateral sensori neural hearing loss with a PTA of 32.5 dB and a WRS of 95% on the right and 40% on the left at 40 dB. MRI of the brain revealed an enhancing mass surrounding the left optic nerve and supraclinoid carotid artery, extending onto the planum sphenoidale. Extensive superficial siderosis in the posterior fossa and a midline infratentorial pseudo meningocele were also revealed (Fig. 1D) . A lumbar punc ture demonstrated RBCs (n = 307) and xanthochromia. A CT myelogram of the entire neuraxis was performed, confirming an area of CSF egress in the posterior fossa.
Operation and Postoperative Course
The patient was taken to the operating room for repair of this posterior fossa dura using autologous fascia lata. A lumbar puncture performed 1 year later showed minimal RBCs (n = 2) and the absence of xanthochromia. The pa tient remains neurologically stable.
discussion
Superficial siderosis is a rare and irreversible disease marked by hemosiderin deposition in the subpial and sub ependymal tissues of the CNS. 5 The disease leads to sen sorineural hearing loss, cerebellar ataxia, dementia, and myelopathy. Blood in the subarachnoid space is the most common identifiable cause, although a bleeding source cannot always be identified. 23 The etiologies of subarach noid blood leading to superficial siderosis are somewhat broad and heterogeneous, and include tumors, 1,13,20 vascu lar malformations, 7 brachial plexus injuries, 4 nerve root avulsions, 2 cerebral amyloid angiopathy, 25 and iatrogenic, traumatic, and pathological dural defects.
14,18 A study of 1062 patients in the Netherlands found an overall preva lence of 0.7% in the general population, and all of these cases were associated with cerebral microbleeds. 25 Five steps have been identified in the pathophysiology of superficial siderosis: 1) chronic or intermittent sub arachnoid hemorrhage; 2) hemolysis of RBCs; 3) entry of heme into CNS tissue; 4) conversion of heme to he mosiderin; and 5) resulting oxidative damage to the af fected cells. 12 Hemeoxygenase1 is a key enzyme in the conversion of heme to hemosiderin and is only transiently activated in response to singleevent subarachnoid hemor rhages. 11 This may explain the lack of association between acute subarachnoid hemorrhage and superficial siderosis. The CNS has a very limited ability to expel iron, thus accumulation of iron is inevitable when chronic and in termittent bleeding into the subarachnoid space occurs. 12 Both heme and iron damage the CNS by way of oxidation and the creation of free radicals. The cerebellar cortex and cranial nerve VIII tend to be the most susceptible areas of the CNS to develop superficial siderosis. The Bergman glia and microglia of the cerebellar cortex act as conduits for the entrance of heme into the tissues and for ferritin biosynthesis. 10, 12 Cranial nerve VIII transitions from CNS tissue to peripheral nervous system tissue at the internal acoustic meatus, unlike the other cranial nerves that tran sition at the brainstem. This makes cranial nerve VIII ex quisitely sensitive to iron deposition due to the presence of Bergman glia in its cisternal segment. 10 Staining of tissues affected by superficial siderosis will show iron accumula tion within macrophages, superficial astrocytes, and gray matter oligodendroglia. 9 The link between CSF hypotension due to high and low-flow dural defects and superficial siderosis has been thoroughly noted in the literature. 18 One study found that of 22 patients with superficial siderosis, 15 had a history of trauma and 14 had fluid-filled spaces on spinal MRI suggesting dural defects. 16 Often a patient with superficial siderosis will have overlapping symptoms with CSF hy potension, including orthostatic headache, imbalance, and back pain. These patients warrant craniospinal imaging as many of them will have spinal dural defects that may be surgically repairable. 19 The advent of MRI has led to an increase in the diagno sis of superficial siderosis. T2-weighted MRI in superficial siderosis shows a rim of hypointensity surrounding affect ed tissues (Fig. 1A, C, and D) . 15 Gradient recalled echo and susceptibilityweighted imaging sequences can provide even greater sensitivity for superficial siderosis compared with traditional conventional spin echo and fast spin echo T2weighted images. 26 The cerebellum, brainstem, and cisternal segments of the cranial nerves are the most com monly involved areas, although superficial siderosis can be visualized around the major fissures and cortical sulci. Cerebellar atrophy can also be observed. 15 Imaging in superficial siderosis is not only important in establishing the diagnosis but also in identification of the source of bleeding. Dural defects are often the source of chronic subarachnoid bleeds. 18 Dynamic CT myelography has been shown to be effective in locating a connection between epidural cystic fluid collections and the intrathe cal space. 17 Digital subtraction myelography can be effec tive in localizing a dural tear in a patient with superficial siderosis when myelography, postmyelography CT, or dy namic CT myelography has failed. 6 Rapid extravasation of contrast material can quickly pinpoint the dural defect and help with preoperative planning. Friable vessels at the borders of dural tears could be the source of chronic subarachnoid hemorrhages leading to superficial sidero sis, indicating surgical correction as an available solution. Cerebral and spinal angiography are generally lowyield diagnostic tests in the setting of superficial siderosis, as the bleeding source is often slow and intermittent. 15 In all our cases, the patients had an obvious dural de fect from previous posterior fossa operations with incom plete dural closure. The first patient had a large chronic pseudomeningocele that had ossified over time (Fig. 1B) . The presence of posterior fossa fluid collections has been reported in association with superficial siderosis. 3, 8 All patients' lumbar punctures revealed xanthochromia and RBCs, giving evidence of active and, most likely, chronic subarachnoid bleeding. Extradural fluid collections when in continuity with the intradural space allow for decreased CSF pressure by shunting fluid into the surrounding tissue. In addition, 2 patients (Cases 1 and 2) had VP shunts, po tentially contributing to a decrease in CSF pressure. The pathogenesis of superficial siderosis in association with CSF hypovolemia and a dural defect has been postulated to result from dural tears containing friable vessels that bleed into the subarachnoid space and/or extravasation of RBCs through engorged vessels due to a lowpressure en vironment. 18 Surgeries in the posterior fossa have been reported to lead to superficial siderosis. In 1 reported case, a pontine cavernous malformation was excised, leaving a fistulous connection with the fourth ventricle and allowing for chronic subarachnoid bleeding and the development of su perficial siderosis.
14 Another small patient series cited the development of superficial siderosis after resection of cer ebellar tumors (3 astrocytomas and 1 medulloblastoma) in 4 pediatric patients. 1 The authors postulated that the large cystic cavities that were left after surgery could have cre ated multiple bleeding points with access to the ventricles. The report did not indicate whether watertight dural clo sure had been performed in any of the cases.
Superficial siderosis is a disease of delayed onset. Mul tiple reports have noted inciting conditions in children that did not present with symptoms of superficial siderosis until years later. 1, 4, 21 These studies strongly suggest that chronic, slow, subarachnoid bleeds are required to develop superficial siderosis. This is also evidenced by the fact that patients with acute subarachnoid hemorrhages, such as from aneurysm rupture, do not develop superficial sid erosis. In 1 case report, a patient who underwent resection of an astrocytoma from the cerebellar vermis developed symptomatic superficial siderosis 29 years later. 22 The longest reported delay in onset of symptoms has been 37 years, demonstrating the chronicity of the disease and a large potential window for intervention. 21 The 3 patients in the current report developed symptoms severe enough to warrant investigation 4, 5, and 26 years, respectively, after the initial intervention.
To our knowledge, only 1 other case of superficial sid erosis after Chiari malformation decompression has been reported. 21 In this case report, the authors postulated that the patient's superficial siderosis was due to chronic sub dural hematomas from repeated shunt revisions. They did not mention whether the dura had been closed following Chiari decompression.
The etiology for superficial siderosis in all patients in this series was likely due to incomplete dural closure following posterior fossa surgery. The defect in the dura created a pseudomeningocele in all patients. Although speculative in nature, we postulate that the mechanism of development of superficial siderosis in these patients could have involved CSF hypotension due to the dural defect and VP shunt placement in Cases 1 and 2, and friable vessels in the open dural edges or in the pseudomeningocele cav ity. Closure of the dura in Cases 1 and 3 led to resolution of xanthochromia and RBCs in the CSF, and in Case 2 led to a decreased degree of xanthochromia. Reoperation and dural closure was successful in eliminating the probable cause of subarachnoid bleeding. It is important to explain to patients that the damage done by superficial siderosis is likely irreversible. When a source of chronic subarachnoid bleeding can be identified, surgery is indicated to prevent development or progression of superficial siderosis.
24
Superficial siderosis is a progressive disease that causes neurological deterioration associated with accumulation of iron in the subpial and subependymal tissues of the CNS. It may occur after posterior fossa surgery in which the dura was not closed. Patients with shunted hydro cephalus who undergo posterior fossa surgery may carry an increased risk of developing superficial siderosis in the latent postoperative period. Proper dural closure may play a role in reducing the risk of postoperative superficial siderosis, and revision duraplasty may reduce the progres sion of superficial siderosis in patients with posterior fossa pseudomeningoceles.
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